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ABSTRACT 

The performance of Geysers Power Plant Units '3 
& 10 deteriorated due to the effects of age, 
increasing undesirable steam constituents, and 
the introduction of continuous HzS abatement 
systems. 
reverse this trend and keep the units operating 
at their full potential, several projects were 
implemented prior to and during the 1985 unit 
overhauls. The performance is measured by 
capacity (% of design generation) and effi- 
ciency of steam use (steam rate in lb/kwhr). 
The capacity was improved from 71.4% to 98.6% 
and the steam rate was reduced from 20.0 
lb/kwhr to 16.3 lb/kwhr. The improvements were 
ainled at minimizing non-generating steam use, 
eliminating curtailments due to exhaust and 
first stage pressure limitations and reducing 
lost generation due to redundant mechanical 
failures. 

In the ongoing process of trying to 

BACKGROCIND 

The Geysers Power Plant, located 26 miles 
northeast of Healdsburg, California, is owned 
and operated by Pacific Gas and Electric 
 any. The privately owned land is leased by 
several steam suppliers. Units 9 & 10 are two 
of six nearly identical geothermal units 
supplied with steanyfrom UNOCAL. 
consists of a Toshiba 55 MW turbine-generator 
operating with design inlet conditions of 113.7 
psia and 355 O F  exhaugting to a 4 in. Hg direct 
contact condenser. 
water and condensate i s  pumped from the 
condenser to the cooling tower where 
approximately 70% of the condensate is 
evaporated and the rest is reinjected into the 
steam field. The cooled water is drawn from 
the cooling tower basin to the distribution 
trays of the condenser by condenser vacuum. 
When Units 9 & 10 came into cmrcial 
operation in 1973, H2S contained in the steam 
was allowed to exhaust out the cooling tower 
stacks. In 1984, the units were required to 
install continuous H2S abatement systems. 
abatement system retrofit to the units caused 
the cooling water system to degrade. 

Each unit 

The.mixture of the cooling 

The 

When the 

project began , the i-(1-1 i t s  :ere each normal ly 
curtailed at least t h  MW due to cooling 
problem arid I I I  IIEI a 1 depos it plugging o f  >:he 
steam path. 11-1 additior-1, the unit history 
records t-evea led substantial gener-at ion losses 
frm t-edut Idant nEchan ica I fa1 lures. 

MINIMIZING tSWGENERATItG STEM USE 

Interstage D r a i n  S i z e  Reduction 

In 137 1 when the f .ir-st unit of this type same 
down fc?r its twc, nxsnth inspect ion, severe 
erosion was Found i ' r i  the turblne blades an3 
diaphragm. Tosh'iba el iminated the erosion by 
retrofitting the un.it witti drains to r m v e  
interstage condensation. The interstage drain 
modification was incorporated in the design of 
subsequent un.1 ts. The 1 " drai tis a1 lowed almst 
30,000 1 b/hr of steam to e2.I-laust var ious stages 
of the turbine without being fully utilized. 
Records .indicate that before the drains were 
installed the steam rate was close to design, 
after the instal lat.ion .it increased by 1.4 
1 b/k@t:.?-: In 1935 , the f i rst ..Gnd.,second skge 
interstage drains were routed' outside of the 
condenser to a drip pot then back to the 
condenser in order to r m v e  cimdensate but 
eliminate exhausting steam. A level was 
maintained .in the dr .ip pot by throttl ing a 
manual valve on the drip pot. outlet pipe. The 
modification seemed to improve back pressure 
slightly, but 'it was difficult to maintain the 
drip pot level due to fluctuations in main 
steam and condenser pressure. The project was 
abandoned because the irnprrzvement did not 
justify the expense of the elaborate piping and 
autmlated level contro 1 that would be required. 
The rmdification was useful, however, in 
monitor i n y  I-IUW tivuct-i condensate was forming. 
Based on the condensate formation rate, the 
interstage drains cocr!d have been 1/16" and 
still rmved the condensate and some steam. 
Drains that snla 1 1 wou 1 d Iundoubtab 1 y p 1 ug with 
mineral deposits so the drains were resized to 
1/2". The steam rate improved ,3.0% or 0.5 
lb/kwt-r due to this modification. 
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R;:,or T i p  Seals 

TCle clearance between the turbine blade t ips  
and the diaphragm was 0.200 inch. Blade t i p  
t i n  seals were instal led to reduce that  
clearance to 0.060 inch in order t o  reduce the 
blade t i p  leakage. The modification inproved 
the steam rate an estimated 0.5 lb/kwhr or 
3.5%. The values for  the steam rate 
improvement due to the interstage arain 
reducers and t i p  seals presented here are those 
predicted by the manufacturer, Toshiba. While 
the tota! improvement. o f  both modifications was 
measured t o  be 6.5%, it was impossible t o  t e l l  
the 7 nd i v 1 dua 1 ccjr!n- i but ions s i nce the 
modifications were done a t  the same time. 

Steam Jet Gas Ejector Capacity Reduction 

When clnits 9&10 were placed in to comnercial 
operation, it was discovered that the 
noncondensible gas flow was 10% of the 
predicted value. 
draw a f ixed amount o f  noncondensibles. I f  
there is not adequate gas loading, they draw 
condenser vapors. 
cause increased Sack pressure, the extra motive 
steam the oversized e.pctors used had to be 
condensea sy cwl ing water that could have been 
used by the main condenser. I n  1987 one of  the 
two 1st skage ejectors was experimentally 
blanked off. Steam use was reduced 11,050 
lb/hr and the water formerly used t o  cool the 
motive steam was routed to the condenser. The 
back pressure dropped 0.8 in. hg. During the 
1988 overt-tauls, the second stage ejector was 
replaced t o  match the capacity o f  the f i r s t  
stage ejector. The steam use dropped another 
18,300 lb/hr. 

The ejectors are designed t o  

While th i s  d id  not d i rect ly  

Shortly a f ter  the units returned f rom overhaul 
they began to experience curtailments due to 
insuff icient steam su~p ly .  
md i f i ca t ion  i s  evaluated as a capacity 
improvmnt (since the motivs steam that was 
saved could be used to maximize generation) the 
29,250 ib/hr saved could generate almost 2 Mw 
per un i t .  This modification is i l lus t ra ted i n  
f igure I .  

It' the ejector 

EXHAUST PRESSURE CURTAILMENT 

Elimination of Condensate Recirculation 

Another problem found during i n i t i a l  un i t  
start-up was that the movements of the 25'' 
condenser cooling water i n le t  valve were too 
crude to  control condenser level. I n  order t o  
f ine  tune the control, condensate pump discharge 
was recircuiated back t o  the condenser. A t  the 
onset o f  t h i s  project the flow t o  the condenser 
was typ ica l ly  10% to 25% below design. This 
was par t ia l l y  due to  the condensate recircula- 
t ion and par t ia l l y  due to the existence of  the 
abatement residue i n  the water. 

FIGURE 1 

STEM STEM 
22.1 LBMR 36.3 KLBMR BEFORE 

GAS 
10.0 KLB/M - 

27.8 MTU/HR 

AFrER STEAM STEAM 
1 1 . 1  L B M  18.1 KLB/HR 

GAS 
5.0 K L B M  

21.0 MTU/FfR 

13.9 Af3TUMR 

'he hot water recirculat ion l ine was 
5liminated. The condenser level control is now 
'ine tuned with a bypass around the condenser . 
:old water i n le t  valve (See  f igure 2 ) .  The 
;team rate decreased 0.9 lb/kwhr when the un i t  
;hanged t o  t h i s  level control system. 

39. I KGPA 
FRM C.T. 

I I 

46.2 KGPA 
TO C.T. 

n AFrEf? 
I I - 

40.9 KVA 
FRM C.T .  

40.0 KGPA 
TO C.T. 

i 

I ,  

I :  
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Maximizing Circulating Water Flow 

When the regulatory agencies made hydrogen 
su l f ide abatement mandatory i n  1384, the units 
were r e t r o f i t  with the only economically 
feasible abatement process available for  a un i t  
with a direct contact condenser. Chemicals are 
added to the circulat ing water that oxidize the 
hydrogen sulfide t o  elemental sulfur in  the 
condensate/circulating water system. The 
sulfur suspended i n  the circulat ing water 
system adheres to any surfaces it contacts 
including the circulat ing water purnp internals. 
The pump performice would degrade u n t i l  
vibration was induced frcm an uneven 
accumulation of  mud on the impeller or because 
the pump flow was so low they were running out 
too far  on their performance curve. Alternate 
abatement processes such as an incinerator that 
would eliminate much of  the s i l t  were evaluated 
as part of th is  project, but were not found to  
be econanically feasible. To t r y  and minimize 
the s i l t  problm, larger pump impellers were 
instal led to offset the inadequate flow and a 
sparger r ing was designed that  cleans the 
suction screens and impeller on l ine.  Also, 
various dispersants were t r i e d  u n t i l  one that 
sat is factor i ly  keeps the s i l t  i n  suspension was 
found . 

Cool ing.Tower Capabi 1 i t y  

By the time of the 1988 overhauls, the 
capabil ity o f  the cooling towers had degraded 
to 50% of design and generation was down to 
less than 45 W due to high back pressure. 
cooling towers were gutted and repaired 
structural ly, then upgraded f i l l ,  d r i f t  
eliminators, fans, and d is t r ibut ion piping were 
installed. A wetting system was designed and 
instal led that rests i n  the d is t r ibut ion trays. 
It not only provides wetting when the cooling 
tower i s  out of service, but the nozzles are 

. orientated such that they can be activated 
during operation to break up accumulations of 
s i l t  i n  the distr ibution trays. U n i t  10 
returned to service on a 68 O F  wet bulb day 
generating 59 Mw with a 4.1 in. Hg exhaust 
pressure. 

The 

FIRST STAGE PRESSURE CURTAILMENT 

Turbine Waterwash 

A l l  units a t  the Ceysers are prone to turbine 
steam path mineral plugging. The mineral 
plugging lowers r,he steam rate by changing the 
g m t r y  of the blades and lowers the capacity 
by cur ta i l ing generation due t o  f i r s t  stage 
pressure l imitations. The minerals have an 
a f f i n i t y  for the l iqu id  phase. The superheated 
steam reduces to 100% quality i n  the f i r s t  
stage of the turbine so that i s  where the 

plugging i s  the greatest. I f  the steam i s  
desuperheated pr ior  t o  entry to the turbine, 
the minerals can be removed in the separator 
and 90% o f  the deposits are prevemed. The 
loss of energy due to desuperheating the steam 
costs the plant about 2% load. If deposits 
still manage to form, they are r a v e d  by  
injecting enough additional condensate 
downstream of the separator to bring the 
quality down to 99%. 
the plant 3% load. 

This "waterwash" costs 

For the Geyser un i ts  with tube and shell type 
condensers, the pure condensate f rom the 
condenser hotwell i s  an excellent source of  
desuperheat water. 
contact condensers l i k e  Y & 10, there i s  not a 
pure source of  condensate to in ject  into the 
steam so continually desuperheating requires 
piping condensate f rom a nearby tube and she77 
type condensing uni t .  Units 3 & 10 dld not 
have an accessible source of  condensate nearby, 
so water f rom a spring was made available to 
take the steam from superheated down to 99% 
quality when necessary to r m v e  accumulated 
deposits. The overall cost i n  plant load i s  
less with this method, but the r i sk  of  turbine 
damage i s  greater, so th i s  method i s  used only 
when necessary. 

For units w i t h  direct 

REDUNDANT MECHANICAL FAILURES 

Underground Pipe 

The 42" and 48" underground circulat ing water 
pipe and the cooling tower d is t r ibut ion pipe 
was made of "Techite" . Techite i s  not 
he l ica l ly  wound l i k e  fiberglass pipe found . 

on the market today. 
ttire fa i lures by 1986, sp l i t t i ng  cleanly 
around the circumference and sending 50,000 gpm 
of geothermal condensate in to  the un i t  yard. 
The costs of excavating, repairing the pipe, 
and losing two  weeks of  generation each 
Occurrence easily jus t i f ied  replacing the 
entire system with fiberglass reinforced 
p last ic  pipe. 

The pipe had experienced 

Cooling Tower Fans Motors 

The cooling tower motors were mounted i n  the 
fan stacks d i rec t l y  under the fans. 
corrosive, danp environment would accelerate 
motor fal lures. I n  order to r m v e  the motor 
for  repair, the fan, gear box, and motor would 
have t o  be removed with a crane. Over 20,000 
MWhr had been l os t  due to cooling tower fan 
motor fa i lu re  i n  the year proceeding the 
overhaul. New gear boxes were instal led with 
r i gh t  angle gear drives so the motors could be 
located outside of the stack. Graphite shafts 
were instal led to res is t  corrosion and the fans 
were replaced with higher efficiency fans. 

The 
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Whm the project was complete, the steam rate 
for Units 9 & 10 had decreased irm over 20.0 
ib,%whr tcl 15.3 lb;!whr. Reducicg the inter-  
stage drains and ins ta l i ing t i p  seals improved 
the stearn ra t s  1.1 lb/kwhr . Down-sizing t.he 
gas ejectors increased capacity by 2 MW. 
Elimination of the conaensate recirculation as 
a means cf condenser level control lowered the 
s t e m  rate 0.9 ?b/'l.;whr and 2ddit ;orxi1 effar-ts 
t o  rmxirnize lcircul;itit7g water were successful. 
The c c ~ i  ing tower repair wori, SI iminated cur- 
tai iments due t o  the G.i3 in .  Hg  turbine exhaust. 
pressur$: 1 i r n i t  and the turbine waterwash was 
instal led LO el iminate f ];-st stage pressure 
cur-ta i '1r;ieiit.a. 
replaced an3 the cml ing  tower fan mto rs  were 
imved cuts '1 !le of tiis stack which e 1 i m i  nated 
almst 40,OCtCt Whrs annual l y  o f  lost  gener- 
a t ion.  The capacit.y increased frm 71.4% to 
35.6%. 

%e underground pipe was 
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